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Background: Several risk indicators for periodontal disease
severity have been identified. The association of these factors
with tooth loss for periodontal reasons was investigated in this
cross-sectional comparative study.
Methods: All extractions performed in 21 general dental
practice clinics (25% of such clinics in Kuwait) over a 30-
day period were recorded. Documented information included
patient age and gender, medical history findings, dental main-
tenance history, toothbrushing frequency, types and numbers
of extracted teeth, and the reason for the extraction. Reasons
were divided into periodontal disease versus other reasons in
univariate and binary logistic regression analyses.
Results: A total of 1,775 patients had 3,694 teeth
extracted. More teeth per patient were lost due to periodontal
disease than for other reasons (2.8 – 0.2 versus 1.8 – 0.1;
P <0.001). Factors significantly associated with tooth loss
due to periodontal reasons in logistic regression analysis
were age >35 years (odds ratio [OR] 3.45; 95% confidence in-
terval [CI] 2.79 to 4.26),male gender (OR 1.42; 95%CI 1.17 to
1.73), never having periodontal maintenance (OR 1.48; 95%
CI 1.23 to 1.78), never using a toothbrush (OR 1.81; 95% CI
1.49 to 2.20), current or past smoking (OR 1.56; 95% CI
1.28 to 1.91), anterior tooth type (OR 3.23; 95% CI 2.57 to
4.05), and the presence of either of the followingmedical con-
ditions: diabetes mellitus (OR 2.64; 95% CI 2.19 to 3.18), hy-
pertension (OR 1.73; 95% CI 1.41 to 2.13), or rheumatoid
arthritis (OR 4.19; 95% CI 2.17 to 8.11).
Conclusion: Tooth loss due to periodontal disease is associ-
ated with the risk indicators of age, male gender, smoking,
lack of professional maintenance, inadequate oral hygiene,
diabetes mellitus, hypertension, rheumatoid arthritis, and
anterior tooth type. J Periodontol 2005;76:1910-1918.
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D
ue to the recognition that severe
periodontal disease affects a cer-
tain group of individuals that
appear to exhibit increased susceptibil-
ity to periodontal destruction,1-3 several
studies have attempted to identify sys-
temic and local factors that may identify
these high-risk individuals.4-8 Risk as-
sessment studies have identified several
subject level characteristics including
age, male gender, smoking, and diabe-
tes mellitus as being associated with
periodontal disease severity and/or pro-
gression as measured by attachment
and alveolar bone loss.4,5,9-14
Periodontal disease is one of the main
causes of tooth loss worldwide.15-20 Sev-
eral studies have demonstrated the effec-
tiveness of periodontal therapy in
reducing the rate of tooth loss21-24 and
established the importance of patient
compliance with maintenance therapy
and adequate oral hygiene measures in
achieving these reductions.25-28 How-
ever, few studies have examined risk
indicators associated with tooth loss
due to periodontal reasons.29-33 As the
‘‘true’’ endpoint in periodontal therapy,34
identification of factors associated with
increased risk for tooth loss due to peri-
odontal diseasemay aid in strengthening
the evidence for these factors as risk indi-
cators of periodontal disease severity.
Therefore, the aim of this study was to
examine the association of some of the
documented risk indicators for periodon-
tal disease severity (age, gender, smok-
ing, and medical and dental histories)
with the risk for tooth loss due to peri-
odontal reasons.
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MATERIALS AND METHODS
This was a cross-sectional, multicenter study of con-
secutive cases examining the factors associated with
tooth loss due to periodontal reasons in Kuwait. In the
health services system employed in Kuwait, patients
seek primary medical and dental care in one of six
health districts based on their area of residency. As
such, twenty four general dental practice centers (four
centers from each of the six districts) were randomly
chosen for patient recruitment in an attempt to pro-
vide a sample representative of the entire country.
Dentists in these centers were interviewed and in-
formed of the objectives of the study and asked to par-
ticipate, and those working in 21 of the 24 centers
agreed to take part, for a response rate of 87.5%.
These 21 centers also represented 25% of the 81 gen-
eral practice dental centers in Kuwait.
Inclusion criteria for this study were all consecu-
tively seen adult patients (18 years of age or older)
in each participating center in need of one or more
teeth extracted during the study period. The study
protocol was submitted for review by the ethical re-
view committee of the Faculty of Dentistry, Kuwait
University prior to commencement of the project,
and informed consent was obtained from all study
participants.
Dentists were requested to complete a specially
designed study form on every extraction they were
to perform within a 1-month period. The study form
documented the patient’s age, gender, past medical
history, dental maintenance visit history, toothbrush-
ing frequency, smoking history, the tooth/teeth
extracted, and the reason for the performed extrac-
tion(s).
The criteria for selecting the reason for extraction
given to all participating dentists was a modification
of that used in previous studies.16,35 Participating
dentists were instructed to consider the extraction
performed for periodontal reasons if the extracted
tooth or teeth had two or more of the following: loss
of >50% of remaining bone support as evidenced by
radiographs, advanced clinical attachment loss (‡7
mm), grades 2 or 3 mobility, suppuration, or Class
III furcation involvement for molar teeth. Other op-
tions given were either severe caries, root fracture,
failed endodontic therapy, tooth malposition, or pa-
tient refusal of alternative treatment. A spacewas also
provided for listing other reasons of extraction not in-
cluded in the study form. Thirdmolar extractions were
not included in this study because indications for the
removal of third molars are generally different from
those of other teeth.36,37
Essentially, the dentist’s judgment of the reason for
extraction was the primary deciding factor because
validation of the reasons for extraction was not possi-
ble in this study. For this reason, and because it was
anticipated that some dentists might select multiple
reasons for the loss of one tooth, an additional ques-
tionwas included in the survey to attempt to standard-
ize the responses. Because previous studies have
reported that caries and periodontal disease were
the two main reasons for tooth loss, the final question
in the study form asked the dentist to decide whether
the loss of eachparticular toothwas duemostly to car-
ies, periodontal disease, or other reasons, and an-
swers to this question were used in the analysis.
Study forms were collected by the principal investiga-
tor at the end of the study period for each center. The
study was performed during July 2004.
Statistical Analysis
Themain outcome variable was tooth loss due to peri-
odontal disease versus other reasons (caries, failed
endodontic therapy, root fracture, tooth malposition,
or patient refusal of alternative therapy) pooled to-
gether in one group. Study formswith duplicate,miss-
ing, or multiple answers were excluded, and only
those where a clear indication for tooth loss was due
to periodontal or other reasons were used in the anal-
ysis. In cases of multiple extractions, cases were ex-
cluded if some teeth were extracted for one reason
and others extracted for a different reason to avoid
tooth-dependent effects.
Means and frequency distributions were calculated
for all background and outcome study variables. Dif-
ferences in age and mean number of extracted teeth
between the two groups (extractions due to periodon-
tal or other reasons) were compared to the Student t
test. Associations of the categorical background var-
iables (age range, gender, smoking status, medical
history problems, dental maintenance visit history,
and toothbrushing frequency) with reasons for tooth
loss were examined using the chi-square test.
Multivariate analysis using binary logistic regres-
sion was performed to examine which factors found
significant with univariate analyses remained as such
after adjusting for confounding factors. The regres-
sion model used the dependent variable of reason
for tooth loss dichotomized into loss due to periodon-
tal reasons versus loss due to other reasons. Variables
entered in the model were age range (£35 or >35
years), gender (male or female),medical history prob-
lems (diabetesmellitus, hypertension, cardiovascular
disease, rheumatoid arthritis, stroke, asthma, renal or
hepatic problems, and osteoporosis), smoking status
(current or past smoker versus never smoked), dental
maintenance visit history (never versus yes), and
toothbrush use (never versus yes). Adjusted odds ra-
tios (OR) andcorresponding95%confidence intervals
were generated for all significant variables. The signif-
icance level used was P <0.05.
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RESULTS
No subjects refused to have their data used in the
study. Out of 1,898 study forms returned, 123 forms
(236 teeth) were excluded from the analysis because
multiple reasons were selected for the extraction or
extractions performed. A total of 1,775 patients had
3,694 teeth extracted during the 30-day study period,
for an overall mean tooth loss rate of 2.1 – 0.8 teeth
per patient. The demographic characteristics and
smoking status of patients are summarized in Table
1. The mean age of all patients was 39.8 – 0.3 years
(range = 18 to 83 years), and patients losing their
teeth for periodontal reasons were significantly
older than those losing their teeth for other reasons
(48.9 – 0.5 versus 35.8 – 0.3 years, respectively;
P <0.001). Although fewer patients lost their teeth
due to periodontal disease than for other reasons
(30.5% versus 69.5%, respectively), more teeth per
patient were lost due to periodontal reasons than for
other causes (2.8 – 0.2 versus 1.8 – 0.1, respectively;
P <0.001).
Males comprised 55.4% of the sample, and
a greater proportion of them lost their teeth to peri-
odontal reasons than did females (33.2% versus
27.1%, respectively; P<0.01).Current andpast smok-
ers accounted for 30.8% of all patients. Fourteen pa-
tients had full-mouth extractions (extraction of all
remaining 28 teeth). Periodontal reasons were re-
sponsible for the extraction in the majority of these
cases (85.7%; P <0.001).
The most common medical history finding in all
patients was diabetes mellitus (19.2%) followed by
hypertension (13.6%). Other medical problems were
present in smaller proportions (Fig. 1).
Only 12.9% of all patients reported having had
a dental prophylaxis or periodontal maintenance visit
within the 6 months preceding the study, whereas
a substantial percentage (39.1%) reported they have
never had such a visit (Fig. 2). Similarly, the self-
reported toothbrushing frequency of the patients
was low, with only 16.2% brushing their teeth twice
or more daily, whereas 59.8% either never brushed
their teeth or used a toothbrush irregularly (Fig. 3).
Mandibular and maxillary molars were the most
commonly extracted teeth in all patients and were ex-
tracted more commonly for reasons other than peri-
odontal disease (P <0.001; Table 2). Conversely,
maxillary and mandibular anterior teeth were ex-
tracted more for periodontal disease than for other
reasons (P <0.001). No significant differences were
found in the reasons for extraction of premolar teeth.
On the other hand, when only the teeth extracted
for periodontal reasons were analyzed by tooth type
(Fig. 4), mandibular and maxillary molars were also
the teeth most commonly extracted. The teeth least
likely to be lost due to periodontal reasons were the
mandibular and maxillary canines.
Associations between background study variables
and tooth loss to periodontal reasons are presented in
Table 3. Grouping of the patients 35 years of age or
younger versus those older
than 35 years revealed sig-
nificantly different patterns
of tooth loss. Although few
teeth were extracted for peri-
odontal reasons in younger
patients, periodontal disease
accounted for the majority of
tooth extractions in patients
older than 35 years (57.3%
of teeth were lost for peri-
odontal reasons compared
to 42.7% lost for other rea-
sons; P <0.001). Gender dif-
ferences were not significant
(P = 0.387). Several medical
history problems significantly





renal and hepatic problems,
and osteoporosis (P <0.05).
Smokinghistorydidnot reach
a statistically significant level
Table 1.
Patient Demographics and Smoking History
Variable Periodontal Disease Other Reasons* Total
Mean age (–SE) 48.9 (–0.5)† 35.8 (–0.3) 39.8 (–0.3)
Number of patients (%) 541 (30.5) 1234 (69.5) 1775
Number of extracted teeth 1653 (44.7) 2041 (55.3) 3694
Teeth lost per patient (mean – SE) 2.8 (0.2)† 1.8 (0.1) 2.1 (0.8)
Gender
Male (%) 327 (33.2)‡ 657 (66.8) 984 (55.4)
Female (%) 214 (27.1) 577 (72.9) 791 (44.6)
Smoking status§
Current/past smoker (%) 155 (29.5) 379 (31.4) 534 (30.8)
Never smoked (%) 370 (70.5) 827 (86.6) 1197 (69.2)
* Caries, failed endodontic therapy, root fracture, tooth malposition, or patient refusal of alternative treatment.
† P <0.001.
‡ P <0.01.
§ Numbers do not add up to the total number (1,775) due to missing cases.
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(P = 0.144). Comparison of dental maintenance his-
tory and toothbrushing frequency revealed that never
having amaintenance visit and never using the tooth-
brush were significantly associated with tooth loss for
periodontal reasons (P <0.001). Additionally, anterior
tooth types (canines and incisors) were significantly
associated with tooth loss due to periodontal disease
(P <0.001).
Binary logistic regression analysis results with the
adjusted odds ratios and corresponding 95% confi-
dence intervals are presented in Table 4. The model
correctly classified 75.7% of the subjects into the
two reason categories of extraction due to periodontal
disease or other reasons and had a significance level
of P <0.001. Factors significantly associated with
tooth loss due to periodontal reasons after adjusting
for confounding variables were age >35 years (OR =
3.45), male gender (OR = 1.42), never having peri-
odontal maintenance (OR = 1.48), never using the
toothbrush (OR = 1.81), current or past smoking
(OR = 1.56), anterior tooth type (OR = 3.23), and
the presence of the following medical conditions: dia-
betesmellitus (OR = 2.64), hypertension (OR = 1.73),
or rheumatoid arthritis (OR = 4.19). Variables elimi-
nated from the final model due to lack of significance
were cardiovascular disease, stroke, asthma, renal
problems, hepatic problems, and osteoporosis.
DISCUSSION
Risk assessment is an important component of mod-
ern dental therapy.3 Identification of subjects with the
greatest risk for periodontal disease severity and
progression is essential for the proper allocation of
preventive and therapeuticmeasures to those individ-
uals who would benefit the most from suchmeasures.
This is especially important because the prevalence of
severe forms of periodontal disease has been shown
to be concentrated in a specific group of patients
exhibiting the greatest rates of tooth and attachment
loss.27,38-41 As such, this study was undertaken to
examine the association between several reported
risk indicators for periodontal disease severity and
tooth loss due to periodontal reasons.
Tooth loss for periodontal reasons was significantly
associatedwith age (OR =3.45) for patients older than
35 years. This confirms previous investigations that
associated older age with attachment loss5,11 and
tooth loss for periodontal reasons.16,19,20,42,43 This
finding is, however, in contrast to the results of some
studies suggesting caries was the main reason for
tooth loss in all age groups.44,45 This may be due to
differences in criteria used in these studies or the
age ranges of the patients studied because strikingly
different patterns of tooth loss were seen in this study
when grouping the patients into those older than 35
years of age versus those 35 years old or younger.
Figure 2.
Last dental prophylaxis or periodontal maintenance visit.
Figure 3.
Toothbrushing frequency. *Occasional toothbrushing: less than one
time per day, but sometimes using a toothbrush.
Figure 1.
Medical history findings.
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This study also indicated that although only 30.5%
of the patients lost their teeth due to periodontal rea-
sons, these patients lost more teeth per patient than
patients losing their teeth for other reasons (2.8 versus
1.8 teeth). This confirms previous findings that peri-
odontal disease, although it may be responsible for
tooth loss in fewer patients, is responsible for the loss
of more teeth than any other cause.46 Periodontal
reasons were also responsible for the majority of
full-mouth extractions in this study (12 of 14 cases),
which agreeswith previous suggestions of periodontal
disease leading to more cases of complete tooth loss
in highly susceptible individuals.25,27
Male gender was also significantly associated with
tooth loss for periodontal reasons (OR = 1.42), which
is in agreement with previous investigations47,48 This
odds ratio is also very close to that reported by Grossi
et al.5 for male gender and risk for attachment loss
(1.36).
Current and past smokers
were also more likely to have
tooth loss due to periodontal
reasons than patients who
had never smoked (OR =
1.56). The effects of smoking
onperiodontal disease sever-
ity and tooth loss are well
documented.4,5,10,49,50
Stronger associations
were found in the Erie county
studies between smoking
and attachment loss and ra-
diographic alveolar bone
loss.4,5 Differences may be
due to the high prevalence
of smoking patients in those
studies, where 60.7% of the
patients were smokers com-
pared to 30.8% of patients
in this study. Additionally,
quantification of smoking in-
to categories of heavy, moderate, or light smokers
was not possible in this study because data regarding
the number of cigarettes smoked per day and years
smoking were lacking for a significant portion of
smoking patients. Stronger associations may have
been found had this information been available.
Several medical history problems were signifi-
cantly associated with increased risk for tooth loss
due to periodontal reasons (Table 4). Patients with di-
abetes were more likely to have a tooth lost due to
periodontal reasons than non-diabetic patients (OR
= 2.64). The association between diabetes and peri-
odontal disease is also well established.9,14,33,51,52 It
is worth noting that the odds ratio for tooth loss in pa-
tients with diabetes in this study (2.64) is also close to
that reported by Grossi et al.5 for attachment loss and
diabetes (2.32).
Other medical history problems associated with
tooth loss for periodontal reasons were hypertension
(OR = 1.73) and rheumatoid arthritis (OR = 4.19).
An association between tooth loss and an increased
risk for hypertension in postmenopausal women has
been reported,53 but the association between peri-
odontal disease andhypertension is otherwise notwell
established. Similarly, a strong association was found
between rheumatoid arthritis and tooth loss for peri-
odontal reasons (OR = 4.19). Although the associa-
tion between periodontal disease and rheumatoid
arthritis is still not clearly established, results of this
study support other findings of a possible association
between the two diseases.54-56 Although osteoporo-
sis, cardiovascular disease, stroke, asthma, renal
problems, and liver problems showed significant as-
sociations with tooth loss due to periodontal reasons
Table 2.







n (%) P Value†
Total
n (%)
Maxillary molar 333 (38.4) 535 (61.6) <0.001 868 (23.5)
Maxillary premolar 280 (42.4) 381 (57.6) NS 661 (17.9)
Maxillary anterior‡ 242 (72.5) 92 (27.5) <0.001 334 (9.0)
Mandibular molar 338 (31.4) 738 (68.6) <0.001 1076 (29.1)
Mandibular premolar 232 (48.7) 244 (51.3) NS 476 (12.9)
Mandibular anterior‡ 228 (81.7) 51 (18.3) <0.001 279 (7.6)
* Other reasons: caries, failed endodontic therapy, root fracture, tooth malposition, or patient refusal of
alternative treatment.
† Chi-square test.
‡ Canine, lateral incisor, or central incisor.
NS = not statistically significant.
Figure 4.
Teeth lost due to periodontal disease.
Risk Indicators for Tooth Loss Due to Periodontal Disease Volume 76 • Number 11
1914
in univariate analysis (Table 3), regression analysis
failed to associate any of these medical conditions
to the outcome variable. This illustrates the impor-
tance ofmultivariate analysis using logistic regression
methods in eliminating the confounding effects of in-
terrelated variables.57,58
Dentalmaintenance visit history and toothbrush use
were significantly associatedwith risk for tooth lossdue
to periodontal reasons. Patients who have never had
a dental prophylaxis or periodontal maintenance visit
and those who never brushed their teeth had odds
ratios of 1.48 and 1.81 for tooth loss due to periodon-
tal reasons, respectively. This corresponds to the
strong research evidence supporting the role of pa-
tient compliance with peri-
odontal maintenance and
self-performed oral hygiene
practices in maintaining peri-
odontal health.21,26,28,59-63
Regarding tooth types, an-
terior teeth were more likely
to be extracted for periodon-
tal reasons than posterior
teeth (OR = 3.23). This find-
ing has been reported previ-
ously.15,19,64,65 A possible
explanation that has been
proposed for this pattern is
that because lower anterior
teeth are less susceptible to
caries than other teeth, they
are more likely to remain in
the dentition in older patients
where periodontal disease
becomes the more common
reason for extraction.42,66
This is also supported by
the observation in this study
of anterior teeth being ex-
tracted mostly in cases of
multiple and full-mouth ex-
tractions (data not shown).
However, caution must be
taken when interpreting
these results. As illustrated
in Figure 4, when the teeth
lost for periodontal reasons
were analyzed, mandibular
and maxillary molars were
extracted much more com-
monly than other teeth,
whereas the mandibular and
maxillary canines were ex-
tracted significantly less
commonly than other teeth.
This agrees with studies eval-
uating tooth loss in periodontal patients only,23where
mandibular canines were the least extracted of all
tooth types.
Several factors that have been previously associ-
ated with risk for attachment and alveolar bone loss
in periodontal patients were examined in this study
for their possible association as risk indicators for
periodontal disease severity using an additional out-
come measure, tooth loss. This aimed to validate
the association of these factors by associating them
with the proposed ‘‘true’’ endpoint in dentistry.34
The finding of similar associations of risk between
the same variables when evaluated by tooth loss or
the other ‘‘surrogate’’ endpoints of attachment and
Table 3.
Associations of Demographic, Medical, and Dental Variables
With Reasons for Tooth Loss
Variable Periodontal Disease Other Reasons* P Value† Total
Age
£35 years 151 (14.1) 920 (85.9) 1396
>35 years 1502 (57.3) 1121 (42.7) < 0.001 2298
Gender
Male 881 (45.0) 1077 (55.0) 1958
Female 772 (44.5) 964 (55.5) 0.387 1736
Medical history problems
Diabetes mellitus 812 (71.9) 317 (28.1) < 0.001 1129
Hypertension 692 (72.7) 260 (27.3) < 0.001 952
Cardiovascular 255 (71.6) 101 (28.4) < 0.001 356
Stroke 46 (95.8) 2 (4.2) < 0.001 48
Rheumatoid arthritis 97 (86.6) 15 (13.4) < 0.001 112
Asthma 105 (72.4) 40 (27.6) < 0.001 145
Renal 22 (62.9) 13 (37.1) 0.03 35
Hepatic 41 (80.4) 10 (19.6) < 0.001 51
Osteoporosis 39 (79.6) 10 (20.4) < 0.001 49
Smoking status‡
Current/past smoker 539 (43.6) 698 (56.4) 1237
Never smoked 1097 (45.5) 1315 (54.5) 0.144 2414
History of maintenance‡
Yes 562 (33.4) 1122 (66.6) 1684
Never 1084 (54.5) 905 (45.5) < 0.001 1989
Toothbrush use‡
Yes 780 (33.4) 1554 (66.6) 2334
Never 837 (64.2) 487 (35.8) < 0.001 1360
Tooth type§
Posterior 1181 (38.4) 1898 (61.6) 3079
Anterior 472 (76.7) 143 (23.3) < 0.001 615
* Caries, failed endodontic therapy, root fracture, tooth malposition, or patient refusal of alternative treatment.
† Chi-square test.
‡ Numbers do not add up to the total number of teeth (3,694) due to missing cases.
§ Posterior: molar or premolar; anterior: canine, lateral incisor, or central incisor.
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alveolar bone lossmay indicate the informativeness of
these surrogates about the true endpoint in at least
one aspect, that of shared risk.67 However, whether
these surrogate endpoints can capture the effects of
treatment on the reduction of tooth loss, as required
for their validation as informative endpoints,67 is diffi-
cult to infer from these results.
This was a cross-sectional study of a sample of
patients needing teeth extracted. Therefore, causal
associations between the examined variables and
tooth loss due to periodontal disease and their role
as true risk factors cannot be ascertained without
the use of longitudinal follow-up data. However,
cross-sectional studies such as this do provide useful
data on risk indicators or markers by determining
associations between specific attributes of risk and
disease outcome, allowing the examination of the
identified risk indicators in future longitudinal and in-
terventional investigations that can ascertain their
role as risk factors.5
Limitations of the study design include the chal-
lenge of obtaining a representative sample and the
possibility of selection bias. The patients evaluated
in this study were all seen at government-operated
dental centers in Kuwait. Therefore, this study could
only evaluate patients who sought dental care, not
those in need of dental treatment. Accordingly, the
prevalence of severe periodontal disease cannot be
estimated, and associations of tooth loss due to peri-
odontal disease with the examined risk indicators are
only applicable to this subsample of the population.
Government-operated dental centers were utilized in
this study because in the
health care system em-
ployed in Kuwait, the major-
ity of patients seek primary
dental care at such centers,
and only a small percentage
is seen in private practice
clinics. General dental prac-
tice centers were also chosen
to avoid a potential bias fa-
voring overrepresentation of
periodontal patients had the
studybeenperformed inperi-
odontal specialist clinics.
The applicability of these
results to other populations
in other parts of the world
may be rightfully questioned,
because genetic susceptibil-
ity to periodontal diseases
has been demonstrated,68
and other environmental and
background factors such as
education level were not
evaluated. On the other hand, the prevalence of tooth
loss due to periodontal reasons in this representative
sample of adult dental patients in Kuwait (30.5% of all
patients and 44.7% of all teeth) was remarkably sim-
ilar to most studies performed around the world, in-
cluding studies in France,16 Germany,43 England,69
Singapore,20 Japan,64 Canada,19 and the U.S.46 This
may support the validity of these risk indicators and
their association with tooth loss for periodontal dis-
ease in other parts of the world andmaywarrant com-
parative investigations in other populations.
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